The hypothalamic\p=n-\pituitary\p=n-\ovarian axis of female rats was disrupted at the site of LHRH stimulation by active immunization against LHRH or at the site of LH action by active immunization against LH. Active immunization against LH was associated with an increase in pituitary LHRH receptors to levels comparable to control values at pro-oestrus whereas immunization against LHRH led to a marked reduction in receptor numbers. Ovarian LHRH receptor concentrations were increased by both treatments. It is concluded, therefore, that (1) LHRH receptors in the pituitary and ovary are not concomitantly controlled, and (2) pituitary receptor numbers are primarily under positive autoregulatory control by LHRH and that ovarian LHRH receptor concentrations may be under long-term influence of LH.
Introduction
Pituitary LHRH receptor concentrations vary during a number of endocrine states and in general reflect changes in pituitary responsiveness (see Clayton & Catt, 1981, for review). LHRH receptors show marked changes during the rat oestrous cycle (Savoy-Moore, Schwartz, Duncan & Marshall, 1980; Clayton, Solano, Garcia-Vela, Dufau & Catt, 1980) and are raised after gonadectomy (Frager, Pieper, Tonetta, Duncan & Marshall, 1981; Clayton & Catt, 1981; Fraser, Popkin, McNeilly & Sharpe, 1982) , and decreased during lactation (Reeves, Tarnavsky & Platt, 1982) .
The rat ovary is known to possess specific receptors for LHRH which, unlike those in the pituitary, do not appear to alter during the oestrous cycle (see Clayton, Harwood & Catt, 1979; Reeves et ai, 1982; Popkin, Fraser & Gosden, 1983a) . Little is known about the factors involved in the long-term control of receptor concentrations, whether these are similar to or different from those influencing pituitary receptors or what changes are induced by prolonged induction of acyclicity.
The role of the various components in the hypothalamic-pituitary-ovarian axis in the long-term control of receptor concentrations may be elucidated by the technique of specific hormone immunoneutralization. In the present study adult female rats were actively immunized against LH to chronically neutralize the gonadotrophin stimulus for ovarian steroid production, leaving the hypothalamic system intact, or against LHRH, thus removing the stimulator of pituitary and hence ovarian function.
Materials and Methods
Animals. Adult female Sprague-Dawley rats, 60-80 days old, were housed under conventional conditions with lights on between 05:00 and 19:00 h and exhibited regular oestrous cycles at the start of the experiments. Vaginal smears were taken to assess vaginal cytology before and during treatment.
Immunizations. Fourteen rats were immunized against human serum albumin (HSA, Sigma, London, Poole, Dorset, U.K.), 6 immunized against LH (NIAMDD-oLH-S23, 100 µg/rat) and 10 against LHRH conjugated to HSA (Fraser, Gunn, Jeffcoate & Holland, 1974) . The immunogens were dissolved in 0-9% (w/v) sodium chloride, emulsified in Freund's complete adjuvant and 1 ml emulsion distributed at 8 intradermal sites. Booster immunizations were given, using Freund's complete adjuvant, 3 months after the initial injections. All animals were killed 3 weeks later, the control HS -immunized animals being killed at 10:00 h on the day of dioestrus or at 12:00 h on the day of pro-oestrus. Anterior pituitaries were removed and stored at -40°C before LHRH receptor measurement. One ovary was taken at random from each animal and placed in Bouin's fixative before histology; the other was stored at -40°C before LHRH receptor determinations. In addition, both uteri and ovaries from each animal were weighed. LHRH receptor assay. LHRH receptor concentrations from individual pituitaries and ovaries were assessed using previously described methods (Clayton, Popkin & Fraser, 1982b; Fraser et ai, 1982; Popkin et ai, 1983a; Popkin & Fraser, 1983) . Briefly, the tissue was homogenized in 400 µ 10 mM-Tris-HCl (pH 7-4) and the homogenate filtered through nylon gauze. Samples of 50 µ were then used for the binding assay which was carried out on ice for 80 min. Protein determination was performed according to the method of Lowry, Rosebrough, Farr & Randall (1951) using BSA as a standard. Pituitary protein content did not vary between treatment groups and so the results for pituitary binding are expressed as fmol bound/pituitary. Since ovarian protein content varied considerably between groups, ovarian binding is expressed both as fmol bound/mg protein and fmol bound/ovary. LHRH and LH antibody titre. The titre of anti-LHRH antibodies was determined by incubation of serial dilutions of serum together with 10 000 c.p.m. 12SI-labelled LHRH as previously described (Clarke, Fraser & McNeilly, 1978) . The dilution of serum required to bind 33% of the labelled hormone was taken as the antibody titre which ranged from 1:900 to 1:13 000.
Measurement of LH antibody titres by conventional second-antibody methods was not possible due to the unavailability of anti-rat gamma globulin. However, using polyethylene glycol separation, the presence of antibodies (titres > 1:500) was confirmed in all animals immunized against LH. Statistical analysis. Differences between control rats at dioestrus and treated rats were analysed by Student's / tests.
Results
Out of 14 control rats, 2 were spontaneously acyclic and 2 showed cycles of abnormal length; the tissues of these animals were not included in the receptor assays. The remaining control rats exhibited regular 4-day cycles and were killed at 10:00 h on the first day of dioestrus or at 12:00 h on the day of pro-oestrus.
Active immunization against LH abolished ovarian function in all animals: oestrous cycles ceased, as shown by constant dioestrous type smears, and ovarian and uterine weights decreased (Table 1), as previously described by Laurence & Ichikawa (1968) .
Pituitary LHRH receptors were significantly elevated (P < 0001) in the LH-immunized rats, compared with dioestrous control levels, to values comparable to those found at pro-oestrus in the cyclic animal (Text- fig. 1 ).
Immunoneutralization of LHRH caused decreased uterine weight, cessation of cyclicity (as assessed by vaginal smears) and decreased ovarian weight (Table 1 ) (see also Fraser & Baker, 1978) . These changes were similar to those seen after LH immunization. However, immunization against LHRH resulted in a significant reduction ( < 0001) in the number of pituitary LHRH receptors (Text- fig. 1 ).
Similar morphological changes were observed in ovaries of rats immunized against LH and LHRH, indicating inhibition of ovulation but not of follicular development. The ovaries were, therefore, characterized by a predominance of follicular tissue and an absence of luteal tissue (data not shown).
Ovarian LHRH receptor concentrations were significantly greater in both immunized groups than in controls (P < 0001). However, if the results were expressed as fm bound/ovary, there was no significant difference in the LH-immunized rats but a significant (P < 0-001) decrease in receptor numbers in the LHRH-immunized animals (Text- fig. 1 ). 
Discussion
Disruption of the hypothalamic-pituitary axis by immunoneutralization of LHRH or of the pituitary-ovarian axis by immunoneutralization of LH resulted in similar effects in that both treatments caused a cessation of oestrous cycles and marked reduction in ovarian and uterine weights. In addition, similar morphological characteristics were observed in ovarian histology indicative of impaired ovulation (see also Laurence & Ichikawa, 1968; Fraser & Baker, 1978) . However, the effect of long-term immunoneutralization of LH or LHRH had markedly different effects on pituitary LHRH receptors. The low levels of pituitary LHRH receptor concentrations after active immunization against LHRH agree with earlier observations for the male (Fraser et ai, 1982) and add to the data suggesting that endogenous LHRH is essential for the maintenance of normal levels of pituitary LHRH receptors both in the short term (Clayton et ai, 1982b; Popkin et ai, 1983a) and long term (Fraser et ai, 1982; Clayton, Channabasavaiah, Stewart & Catt, 1982a; Pieper, Gala, Regiani & Marshall, 1982) . However, pituitary LHRH receptors were not abolished by long-term removal of LHRH (see also Fräserei ai, 1982; Young, Speight, Charlton & Clayton, 1983) , perhaps indicating that a basal level of receptors exists which is independent of LHRH autoregulation.
Long-term immunoneutralization of LH, whilst having essentially similar systemic effects on the reproductive system to those of immunoneutralization against LHRH, had a dramatically different effect on pituitary LHRH receptors, numbers being increased to levels comparable to those found after ovariectomy (Clayton & Catt, 1981 ; Fraser, McNeilly & Popkin, 1984) . This postgonadectomy increase in receptors has been shown to be mediated by LHRH since it is reduced or prevented by passive immunoneutralization of LHRH or by lesioning the medial basal hypothalamus (Clayton et ai, 1982a, b) . It is likely that LHRH is mediating the changes seen here after active immunization against LH. In the presence of an intact hypothalamic-pituitary system the effect of prevention of the gonadal feedback action is to raise endogenous LHRH levels (Sherwood & Fink, 1980; Sarkar & Fink, 1980) and this is associated with an increase in LHRH receptors (Clayton & Catt, 1981) .
Ovarian LHRH receptor concentrations were markedly increased after active immunization against LH. This suggests that LH, and perhaps steroids, are negative regulators of receptor concentrations. Decreased receptor concentrations have been reported following treatment of immature rats with gonadotrophins (PMSG and hCG) (Harwood, Clayton, Chen, Knox & Catt, 1980) , or sequential treatment of immature hypophysectomized rats with FSH, LH and prolactin (Jones, Conn, Marian & Hsueh, 1980) . Although passive immunization of female rats against LH had no significant effect in the short term on ovarian receptor numbers (Popkin & Fraser, 1983 ), immunoneutralization of LH increased both LHRH receptors and responsiveness in the rat Leydig cell (Sharpe & Fraser, 1983) . Prolonged removal of the ovarian LH stimulus resulted in markedly increased ovarian LHRH receptor concentrations but the physiological significance of this as regards ovarian responsiveness to LHRH has yet to be evaluated.
Ovarian LHRH receptor concentrations were also increased after active immunization against LHRH, the reverse pattern to that for the pituitary. This could be due to a concurrent reduction in LH in LHRH-immunized rats or an intragonadal LHRH-like factor could be immunoneutralized by the antiserum, thus removing a negative regulator. However, it is unlikely that all immunized rats would develop antibodies cross-reacting with a putative LHRH-like factor in response to immunization against LHRH.
Since the short-term effects of LHRH on basal events in follicular tissue appear to be stimulatory (Hillensjo & LeMaire, 1980; Clark, 1982; Popkin, Fraser & Jonassen, 1983b) , it could be suggested that, in the presence of low LH, LHRH receptors would increase and thus ensure continuation of basal steroidogenesis. Since follicular tissue has been reported to contain higher concentrations of LHRH receptors than luteal tissue (Pieper, Richards & Marshall, 1981) , it is of interest that the treatment regimens were associated both with high ovarian receptor concentrations and with similar changes in ovarian morphology. Increased ovarian LHRH receptor concentrations were therefore associated with a predominance of follicular tissue and a marked absence of luteal tissue.
Although LHRH receptor affinity was not measured in these experiments and therefore changes in affinity under the treatment regimes cannot be excluded, it is unlikely that this is the case since there is no evidence that-LHRH receptor affinity is altered in the pituitary or ovary in a number of different endocrine states studied (Clayton et ai, 1980; Savoy-Moore et ai, 1980; Marian, Cooper & Conn, 1981 ; Pieper et ai, 1981 ; Reeves et ai, 1982) . However, one problem in interpreting the ovarian LHRH receptor data concerns the expression of the specific binding. If binding per ovary is expressed then no differences in any treatment group were detected; significant differences were in concentration of receptors, i.e. binding per mg ovarian protein. It is assumed that the latter (see also Reeves et ai, 1982) expression gives a measure of the receptors available for an intragonadal factor and is, therefore, the more appropriate method of expressing the data. However, in the absence of reliable information on the physiological ligand for such ovarian receptors, the significance, if any, of changes in ovarian LHRH receptor levels remains unknown.
In conclusion, therefore, the results indicate that pituitary and ovarian LHRH receptors are not concomitantly controlled. Active immunization against LHRH decreased pituitary LHRH receptors and active immunization of LH increased pituitary receptor numbers, suggesting that pituitary LHRH receptors are primarily under the positive autoregulatory control of LHRH, while those of the ovary were increased by both treatments, suggesting that they may be negatively regulated in the long term by circulating levels of LH.
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